Transport measurements in ramp-type junctions of Y Ba 2 Cu 3 O y − SrRuO 3 − Y Ba 2 Cu 3 O y with T c values of either 80-90 K or 60-70 K are reported. In both type of junctions but without a barrier ("shorts"), the supercurrent densities at 4.2 K reached 7.5 and 3.5 MA/cm 2 , respectively, indicating the high quality of the fabrication process. Plots of the critical current versus thickness of the ferromagnetic barrier at 4.2 K show exponential decays with decay lengths of 1.1 nm for the 90 K phase and 1.4 nm for the 60 K phase, which are much shorter than the relevant coherence lengths ξ F ∼ 5 − 6 nm or ξ N ∼16 nm of SrRuO 3 . We thus conclude that there is no dominant proximity induced triplet superconductivity in the ferromagnet in our junctions.
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In a recent feature article in the January 2011 issue of Physics Today, Matthias Eschrig reviews the rapidly growing field of proximity induced triplet superconductivity (PITS) in ferromagnets in contact with a superconductor which attracted much attention in the past few years [1] . In the present study, we report on a null result of this effect in superconductor -ferromagnet -superconductor (SFS) junctions of the high temperature superconductor Y Ba 2 Cu 3 O y (YBCO) and the itinerant ferromagnet SrRuO 3 (SRO), and believe that this new observation should help refine future PITS theories. Basically, standard singlet superconductivity and strong ferromagnetism are two antagonistic phenomena due to their different spin ordering configurations. It should therefore be hard to obtain supercurrents in SFS junctions when the barrier thickness d F is much larger than the short coherence length of the ferromagnet, either ξ F = v F /2E ex in the clean limit or ξ F = D/2E ex in the dirty limit, which are affected mostly by the exchange energy E ex ∼ k B T Curie [2, 3] .
This however is not the case if the singlet pairs in S, in the vicinity of the SF interface, would induce equal-spin triplet pairs in the ferromagnet via the proximity effect. Then, due to the compatibility of the triplet and ferromagnetic orders, a supercurrent could be maintained at low temperature over a long range of d F ∼ 2ξ N with a coherence length ξ N = D/2πk B T rather than the shorter ξ F ones.
A number of theoretical studies had predicted the PITS effect which can originate in interface inhomogeneities such as domain walls or spin mixing and spin flip scattering [4] [5] [6] [7] [8] .
Supercurrents were also observed experimentally in SFS junctions with remarkably long half-metal ferromagnetic CrO 2 barriers (d F = 300 − 700 nm) and low T c s-wave superconductors [9, 10] , and in highly polarized
and a high T c d-wave superconductor [11] . In the low T c case, the supercurrent density ranged between 1-100 kA/cm 2 at 2 K, while in the high T c case, it was 5 kA/cm 2 at 4 K. In both cases however, no systematic measurements of the supercurrent were done versus the ferromagnetic barrier thickness. In the present study we do report on such measurements in SFS ramp type junctions of YBCO and SRO. excluding the possibility of a dominant PITS component in the ferromagnet in our junctions.
About two hundred junctions on twenty wafers of (100) SrT iO 3 (STO) were prepared and characterized in the present study. For this, we fabricated ten ramp-type junctions on each wafer in the geometry shown in the inset to Fig. 1 by a multi step process [12] resistance below T c of the electrodes. This effect has been observed before [14] and was attributed to the nonuniform interface resistance whose origin is still unclear. In the present study however, we shall not focus on the highly resistive junctions, but on those with lowest Both of these effects lead to flux creep resistance with increasing bias. At higher bias, the critical current is reached and a change to the normal state is observed where the rounding is now due to flux flow and also to thermal noise. The high bias slope of the I-V curve yields a normal resistance R N of ∼ 300 Ω which is much higher than that calculated from the SRO resistivity and junction geometry (about 10 mΩ). This result therefore, originates in the the two interfaces of the junctions as has already been observed before [14] . We generally determine the I c values of the junctions by extrapolating the high bias data to Since flux creep is more probable in the dc measurements than in the ac ones due to the longer time available for de-pinning, this leads to the observed small flux creep resistance at low bias in the main panel which is absent in the inset. We note that the I-V curve without microwave radiation in the inset of Fig. 3 is similar to those obtained in Ref. [15] on similar junctions, although the normal resistance here is much larger (∼100 Ω). values here is quite large and ranges between 7 and 60 µA. The low bias resistance due to flux flow is quite pronounced and it seems hard to distinguish between a critical current and a zero bias conductance peak (ZBCP) due to bound states. ZBCP were observed before in the same kind of SFS and SF junctions [14, 16] . In SF junctions however, where no supercurrent exists the normalized ZBCP are small, typically up to 0.1.
Since the normalized conductances dI/dV at zero bias in Fig. 4 here range between 3 and 20, we conclude that the apparent ZBCP contribution to the critical current is negligible. K phase of YBCO. No critical current could be found in the junctions with the 45 nm thick barrier. The three exponential decay fits of the data correspond to all data points, and to the two different YBCO phases separately. We stress that due to the two SF interfaces in each SFS junction, the decay length is 2ξ rather than ξ. The immediate clear result is that all the three decay lengths obtained from the fits ξ=1.1, 1.3 and 1.4 nm are significantly shorter than ξ F of SRO which is either about 4.8 nm in the clean limit where
ex , or about 6.2 nm in the dirty limit where ξ F = D/2E ex . These values were obtained using a Fermi velocity v F ∼ 2 × 10 5 ms −1 and a mean free path at 4 K of ℓ ∼ 14 nm [17, 18] , with the diffusion coefficient D = v F ℓ/3. For the exchange energy we used E ex ∼ k B T Curie ∼ 13 meV, which is quite close to the ∼10 meV value obtained from Faraday rotation measurements [19] . The latter though depends on a large subtraction of phonon contribution, so we used the former. Our measured 2ξ values of 2.2-2.8 nm can be qualitatively compared with those obtained in Ref. [15] , where mixed data of J c in junctions with SRO as well as CaRuO 3 barriers yields 2ξ=6.2 nm. This larger value is apparently affected also by the low J c at d F =0 ("short") in their study, which is smaller by obtains ξ N = D/2πk B T ∼16 nm in the dirty limit of SRO which is obviously much larger than either of the ξ F values given above. We thus conclude that in the present SFS junctions, no significant PITS affects the measured critical currents.
Finally, we shall check the present result in the context of previous results on the YBCO-SRO system [14, 16, 21] . The scanning tunneling spectroscopy results of SRO/(100)YBCO bilayers show a long range penetration of the superconducting order parameter via the SRO layer up to d F = 26 nm [21] , but only along lines that are correlated with the magnetic domain wall structure of the ferromagnet. In SFS and SF junctions, ZBCP were found whose zero field magnitude also correlated with the number of domain walls in the SRO barrier [14, 16] . Both results were interpreted as due to non-local crossed Andreev reflection effect (CARE) near domain walls crossing of the interface, but could also be partially attributed to PITS. Due to the small fraction of the junction cross section area where these effects can occur (ξ S × d F × N where ξ S ∼ 2 nm is the coherence length of YBCO, d F is the SRO layer thickness and N the number of domain walls crossing of the interfaces in the junctions), their total contribution to the critical current is apparently small. Therefore, the present critical current results with the very short ξ values can be explained as due to dominant local Andreev reflections that are present in the partially spin-polarized SRO barrier (P ∼ 50% at 4.2K [22] ). We are currently checking the critical currents of YBCO-La 2/3 Ca 1/3 MnO 3 -YBCO junctions, where the polarization of the manganite is almost 100% and the domain walls are much broader. We expect that in these junctions, a more dominant contribution to the critical current by PITS will be observed.
In conclusion, very short decay lengths of the critical current on the order of 1-2 nm were observed in the ferromagnetic barrier of YBCO-SRO-YBCO junctions, which are much shorter than the corresponding penetration lengths ξ F and ξ N of SRO. This result is attributed to the absence of a dominant proximity induced triplet superconductivity in the SRO layer in the present junctions. Future PITS theories will have to account for this observation.
